NOTIOl!:  Whezi  gdyen^nt  dr  dtlier  drawldg&,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definite^  related 
^yemment  procurement  operation^  the  IJ.  S. 
^yeitiment  therehy  incurs  no  responSihility>  nor  ary 
Obligation  Tdiatsoeyer;  and  the  fact  that  i^e  Qtoyern- 
ment  may  haye  formulated,  furnished,  or  in  any  way 
supplied  the  said  dravings,  specifications,  or  other 
data  is  not  to  be  repirded  by  implication  or  others 
vise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  eonyeying  any  rights 
or  permission  to  manufactwe,  use  or  soil  any 
patented  inyentlon  that  may  in  any  way  be  related 
ifeeretQ. 
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This  repori  summarizes  the  performan€e  oT  lead'- 2%  silver 
rod  used  as  impressed'  Gurreht  anodes  at:  the  San  0ieg;o  Groups 
Pacific  Reserve  Fleet  between  10  April  1961  and  2‘5  October 
1962  or  for  approximately  18-1/2.  months^ 

It  was  found  that  1/2- inch  diameter  anodes  -  6  feet 
in.-length  could  replace  Goaventional  S-inch  diameter  by 
5  feet  long  graphite  anodes  with  consider able  economy ^ 

After  18-1/2  months >  the  actual  deterioration  of  the  anodes  was 
So.  slig.ht.l  as ..  to  lead  us  to  believe  that  they  will  have  a  life 
of  many  times  that  Govered  in  these  evaluations  provided  they 
are  properly  installed  and  maintained^  One-half  inch  diameter 
rod  is  the  minimum  size  rod  that  can  be  used;  smaller  rod  has 
Insufficient  rigidity  tO'  prevent  flexing  in  service^,  Wherever 
flexing  occures,,  flaking  of  the  protective  coating  formed  in 
service  follows  accOrapanied  by  a  reduction  in  the  diameter 
of  the  rod  to  form  a  new  coatings  Very  poor  performance 
was  obtained  where  the  lead-silver  anodes  were  i®  the  mudi 

Satisfactory  joints  between  the  anode  and  lead  wires  were 

developed^  These  were  made  by  using  either  commercial 
conhectors  or  by  a  method  of  peening  the  copper- lead  wires ^ 
into  a  drilled  hole  in  the  anode.  Either  type  of  joint  was 
then  covered  with  a  vinyl  mastic  and  sealed  with  vinyl  tape. 
Excessive  deterioration  of  the  anode  ocGurred  where  rubber 
friction  tape  was  used  in  place  of  the  vinyl  tape. 


PROilEM  STATES 

This  is  an  interim'  report.  Work -On  this  problem  is 
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INfROPyCTION 

Hithdrte*  j  grapfeite  anodes  3~in.  lia  diaineter  x  ioag  have 

been  nsed  exciusively , in  impressed  Gathodic  proteGCion  instal¬ 
lations  lor  Reserve  Fleet  vessels.  At  the  San  DiegO!  Group  of 
the  PaGific  Reserve  Fleet j  the  loss  of  graphite  anodes  from 
meehaniGal  damage  has  been  an  item  of  eonsiderable  magnitude  in 
the  maintenanGe  GOsts  for  these  systems,  and  puts  an  additional 
burden  On  the  few  persoanel  available  to  maintain  the  systems. 

So:  mahy  anOdeS  were  being  lost  at  the  San  Piego  Group  that  they 
employed  dlVers  to  recover • themi 

The  reGent  introduGtion  of  lead-2i)  silver  lor  use  as  impressed 
Gurrent  anodes  prompted  Code  633P  of  the  Bureau  of  Ships  to  re¬ 
quest  that  NRL  set  up  a  field  evaluation  test  to  determine  the 
suitability  of  these  anodes  for  Reserve  Fleet  use  and  the  desir¬ 
ability  of  substituting  them  for  the  graphite  anodes.  Details 
for  this  work  were  Govered  in  referenGes  (a)  ,  (b),  (c)  and  (di) . 

The  Naval  ResearGh  Laboratory  furnished  one'^haif  and  one-quarter 
inGh  diameter  lead-2%  silver  rod  for  these  anodes,  deveioped 
methods  for  attaGhing  them  to  electrical  lead  wires »  furnished 
ampere-hour  meters  for  fflonitoring  the  Gurrent  and  supervised  the 
insta 1 lat ions . 

Personnel  of  the  san  Diego  Group  made  the  iastallationSi  moni¬ 
tored  the  systems,  and  prepared  weekly  reports  for  NRL  on  the 
condition  Of  the  anodes i  cur rents  usedj  and  potentials  of  the 
vessels.  This  information  has  been  summarized  in  this  report. 

The  test  Was  started  on  10  April  1061,  inspected  by  NRL  person¬ 
nel  in  DeGember  1961,  and  terminated  on  25  OGtober  1962  after 
563  days . 

INSTALLATION  DETAILS 

(a)  Six-foot  lengths  of  one-half  inch  diameter  rod  were  installed 
on  the  :IJ,  S.S,  JOYCIE  (DER-^Sl?).  Four  anodes  were  used  and  suspen¬ 
ded  both  fore  and  aft  on  both  sides  of  the  vessel  at  frames  30- 
45  and  100-130.  Attachment  of  the  lead  wires  was  made  by  either 
using  a  commereially  furnished  connector  and  Grimping  both  the 
lead  wire  and  anode  into  the  unit  with  a  erimping  tool  by  a 
method  developed  by  the  Materials  Laboratory  of  the  New  York 
Naval  Shipyard,  reference  fe)  or  by  inserting  the  bare  wire  into 


a  drilled  ftele  in  the  anode  and  then  tightening  this  |oint  by 
vigorous  peeningi  Both  types  of  Joint  were  then  covered  with 
a  vinyl  filler  and  topped  With  vinyl  eleGtriGal  tape  to  pro- 
du'Ce  a  watertight  joint*  Measurements  made  with  a  clamp>-on 
anflneter  indiGated  an  even  distribution  in  Gurrent  to  all  anodes* 

(b)  fen-foot  iengths  of  oae-iiua^ter  ineh  diameter  rod  were 
installed  on  the  u*s.s.  Howard  (de-346) .  six  anodes  were  sns- 
pended  both  fore  and  aft  on  both  sides  of  the  vessel  at  frames 
20-52 j  120-130,  and  midship.  Attae"hmeat  of  the  lead  wire  and 
anode  rod  was  made  by  iaserting  both  of  them  in  a  short  length 
Of  Gopper  tubing  and  peening  the  unit  with  a  ehisel  and  Jfammer. 
This  joint  was  protected  in  a  similar  manner  as  the  one-half 
inGh  anode*  Equal  GUrrent  to  each  anode  was  indicated  by  the 
Gi  am  p  -  o  n  amm  e  t  e  r  * 

(g)  fhlrty-foot  lengths  of  one— quarter  inGh  diameter  rod  was 
tastalled  on  the  u. S. S*  BARNES  (dE-353)*  One  anode  was  sus¬ 
pended  by  a  long  lead  wire  from  the  stern,  and  the  other  from 
the  bow  On  opposite  sides  of  the  yessei.  fhese  anodes  laid  in 
the  mud  parallei  with  the  keel.  Spiices  were  made  similar  to 
that  deseribed  under  (bj* 

(d)  oae-inch  diameter  x  24-iaGh  length  graphite  anodes  were 
Suspended  by  No.  12  plastio  iasuiated  eleGtrical  wire  at  aft, 
midship,  and  forward  locations  on  each  side  of  the  tJ..S.S. 

HODGES  (DE-23t).  A  solder less  Gonnector  fitted  into  one  ond 
of  the  lead  wire  and  this  was  secured  to  the  anode  by  a  small 
brass  Screw  secured  in  a  tapped  hole  in  the  anode.  This  joint 
was  made  waterproof  by  an  epoxy  cap. 

All  anodes  were  examined  in  the  field  during  December  1961  and 
October  1962  and  typiGal  ones  returned  to  the  NRL  for  Griticai 
inspeGtion,  They  represented  anodes  performing  for  approxi¬ 
mately  9,  lO,  and  19  months, 

PERFORMANCE  OF  THE  VARIOUS  ANODES 

(a)  One-half  inGh  diameter  lead-silver  rod.  Three  of  these  6- 
foot  long  anodes  were  examined  after  various  periods  of  ser¬ 
vice,  The  first.  Figure  1,  was  removed  en  21  Deeember  1961 
after  255  days  Of  serviee  during  which  it  had  passed  26,0Q0 
ampere-hours  of  current  for  an  average  of  nearly  5  amperes 
(7  amps/sq,  ft,).  The  lead  wire  splice  has  been  uncovered  in 
this  photograph  to  show  the  details  Pf  the  joint,  which  was 
in  excellent  eondition.  Flexing  of  the  anode  in  serviee  has 
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eaiis&d^  the  c eating  to  peel  off  in  spots  with  slight  iredtiotion  i® 
the  diametet,  The  minimuni  diametet  Of  the  rod  at  any  Of  these 
areas  was  approxiinately  7/16  inch*  The  brittleness  of  the  eoat- 
ing  is  evidenGed  fey  its  flaking  where  the  anode  was  bent  after 
removal  from  serviGe.  Figure  2  is  a  cross-seetion  view  of  loea^ 
tioa  '*E''  of  Figure  1  and  shows  the  GOating  whiGh  was  estimated 
to  foe  IS- 20  mills  thick. 

The  seGond  anode  ^  Whose  surfaGe  appear anee  is  shown  in  Figure  3,, 
was  installed  21  ©eGember  1961  and  removed  25  October  1962  after 
308  days  of  service,  ©urirag  this  time  it  had  passed  79^800 
affipere-hours  of  current  for  an  average  of  nearly  11  amperes  (14 
amps/sg,  ft.)i,  The  coating  was  estimated  to  fee  approximately 
1/16  inGh  thick  and  very  brittle.  It  had  broken  at  various  loca¬ 
tions  along  the  length  of  the  rod  from  flexing  during  inspection. 
The  minimum  diameter  of  the  rod  at  these  locations  was  approxi¬ 
mately  7/16  inGh  except  at  just  Outside  the  spliGe  where  the 
metal  had  neGked  down  to  1/4  inch.  However,  this  splice  was 
different  from  the  others  in  that  the  Group  used  electrical  fric-’ 
tion  tape  which  apparently  disintegrated. 

The  third  anode,  areas  of  which  are  shown  in  Figure  4,  was  re¬ 
moved  On  25  OGtober  1962  after  563  days  of  service »  106 j 460 

ampere-hours  of  current  flowed  from  this  anode  for  an  average 
Of  8  amperes  (10  amps/sg.  ft.).  Like  the  ether  two  anodes,  the 
GOating  On  this  anode  had  also  flaked  from  flexing  and  had  been 
reformed  at  vatieus  areas.  The  Goating  was  approximately  1/16 
inch  thick.  The  minimum  diameter  of  metal  at  the  flaked  areas 
was  found  to  be  3/8  inch.  The  good  condition  of  the  splice  and 
yinyl  tape  after  18  months*  service  is  iliustrated  ih  the  figure. 

(b)  One-fourth  inch  diameter  rod  -  10  ft,  long.  A  seGtion  of 
this  anode  was  removed  on  21  ©ecember  1961  after  approximately 
255  days,  during  whiGh  7,500  ampere-hours  of  Gurrent  had  passed 
fcr  an  average  of  slightly  more  than  1  ampere  (1  1/2  amps/sq, 
ft,).  A  eonSiderafole  amount  of  the  eoating  had  flaked  off  and 
the  diameter  of  the  remaining  metal  at  these  areas  was  approxi¬ 
mately  1/8  inch.  This  eondition  is  illustrated  in  Figure  5, 

This  diameter  of  rod  has  insuffieient  rigidity  to  prevent 
flaking  of  the  brittle  coating  from  even  slight  handling  and 
movement  in  the  water.  All  anodes  of  this  diameter  eontinued 
to  deteriorate  and  were  lost  and  replaced  afte^^  approximately 
one  year  of  service. 

(e)  One-fourth  inch  diameter  rod  -  30  ft,  long.  These  anodes 
were  never  pulled  up  for  examination  since  the  non-rigid  char¬ 
acter  of  such  lengths  would  have  caused  premature  failure  from 
flaking  of  the  cQating.  On  14  November  1961,  after  approxi- 
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mately  218  days  of  servioOj  feotfe  anodos  were  missing.  Examina¬ 
tion  Of  the  lead  wires  indicated  that  the  metal  had  corroded  to 
siich  an  extent  jnst  outside  the  splice  to  cause  severing  at 
this  point.  Apparently >  the  attack  on  these  anodes  in  the  mud 
was  much  greater  than  that  which  occurred  on  the  other  types  of 
anodes  that  were  out  of  the  mud.  It  is  estimated  that  4-5 
amperes  of  current  were  used  on  each  anode.  This  corresponds 
to  a  current  density  of  approximately  2-1/2  amps/sq.  ft. 

(d)  One-inch  diameter  graphite  anodes  -  2  ft  long.  On  1  duly  1961 ^ 
after  82  days  of  service,  the  Group  reported  that  these  anodes  had 
deteriorated  to  approximately  1/2- inch  diameter.  On  21  Decemiber 
1961,  their  cross  section  had  reduced  to  such  an  extent  that  they 
were  considered  to  have  ended  their  useful  life  and  the  test 
with  them  was  discontinued.  They  thus  served  for  8-9  months  with 
a  current  of  1-2  amperes  per  anode. 

SUMMARY  AND  CONCLUSIONS 

1.  jPerformance  of  oae-half  and  one-quarter  inch  lead  2%  silver 
anodes  for  impressed  current  cathodic  protection  systoms  on 
seTected  veslsels  of  the  san  Diego  Reserve  Fleet  Group  has  been 
evaluated  and  is  summarized  in  this  report  for  the  period 

10  April  1961  -  25  October  1962. 

2.  The  lead-silver  anodes  gave  exceptionally  good  performance  in 
these  tests  where  certain  precautions  were  observed  in  their 
installation* 

3.  The  rod  from  which  these  anodes  are  assembled  should  have  a 
minimum  diameter  of  one-half  inch^  Dess  thick  anodes  have 
insufficient  rigidity  to  prevent  flexing  Of  the  material  with 
resultant  flaking  Of  the  proteGtive  coatings  formed  in  service. 
Should  this  coating  be  flaked  off,  the  diameter  of  the  rod  will 
be  reducied  by  the  formation  of  a  new  coating. 

4.  Under  the  conditions  of  exposure  in  these  tests,  the  lead- 
silver  anodes  must  be  kept  out  of  the  mud  to  give  efficient 
per f ormanee . 

5.  Lead-silver  anodes  can  be  substituted  for  conventional 
graphite  anodes  for  use  in  seawater  with  considerable  economy 

in  maintenance  costs,  provided  proper  precautions  are  observed  in 
their  installation. 

6.  Satisfactory  attachments  of  anodes  and  lead  wire  can  be 
obtained  from  the  use  of  either  commercial  connectors  or  by  a 
special  peening  procedure  developed  in  this  work.  Waterproof 
and  protective  joints  can  be  made  by  using  a  vinyl  filler  and 
vinyl  electrical  tape. 
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7.  The  deterioratioh  of  the  lead-silver  aflodes  was  found  to  fee 
less  than  that  of  the  1”  x  2d;**  graphite  anodes. 

8.  The  electrolytiG  resistance  of  the  1/2’*  x  72**  lead-siiver 
anode  was  afeout  the  same  as  for  the  2”  X  ©0**  graphite  so  that 
present  reGtifiers  and  electrical  circuits  can  fee  used 

i  n  ter  c  han  ge  afe  1  y . 

9.  While  it  would  be  desirafele  to  iacrease  the  stiffness  of 
the  lead-silver  anodes  to  prevent  flexing  and  flaking  of  the 
protective  coating  by  either  adding  antimony  (up  to  5%)  or 
using  a  stiff  metallic  corej  the  added  performanGe  might  not 
Justify  the  additional  costs  ineurred. 
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Fig.  4  ^  Appearance  ©f  lead-silver  anede  after  56, 3  days  &f  serviGp,*  x  1-1/2 
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